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Cationic polymerisation of 1 -olefins. 
® This invention relates to a process for producing polyiso- 
butene which has at least 70% of its unsaturation in the 
terminal position. The process uses a complex of boron 
tnfluonde and alcohol as catalyst and a contact time of at 
east 8 mmutes. The feature of the process is its ability to use 
longer contact times than used hitherto thereby facilitating 
Its commercial operation and improving the control of such 
an operation. The high terminal unsaturation improves the 
reactivity of the polymer. 
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1 

CATIONIC POLYMERISATION OF 1-OLEFINS 

The present Invention relates to a process for the catlonic 
polymerisation of l-olefins, and in particular to producing 
polyisobutenes which have a relatively high degree of terminal 
unsaturation. 

5 Isobutene is a typical example of a 1-olefin. Methods of 

polymerising l-olefins, e.g. isohutenes whether pure or in an 
isomeric mixture as in a C4 raffinate, using a Friedel-Craf ts type 
catalyst are well-known. Typical of such catalysts are the halides 
of aluminium, iron, zinc, titanium, tin, mercury and boron. These 

10 catalysts have also been used in conjunction with small amounts of 
co-catalysts such as water, alcohol, sulphur dioxide, carboxylic 
acids, mineral acids, ethers and alkyl halides to enhance catalyst 
activity. The reaction has been carried out in the liquid or 
gaseous phases, batchwise or continuously, at temperatures ranging 

15 from -100* to +100*C. 

It is also known that the polymerisation of l-olefins e.g. 
isobutene using a Friedel-Craf ts type catalyst is a cationic process 
which proceeds through formation of intermediate carbonium ions. 

The product of this reaction is generally a mixture of polymers 

20 which have the unsaturated linkage in the terminal or internal 
position within the polymer. Conventional cationic processes 
generally yield a polymer with a relatively high proportion of 
internal unsaturation compared with polymers having terminal 
unsaturation. This is due to the *'in situ** isomerisation of the 

25 unsaturated linkage to an internal position and is inherent in most 
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cat! nlc' polym rlsati n processes* Internal unsaturatl n in olefin 
polymers Is believed to be less desirable than terminal unsaturatlon 
because of the relatively lower chemical reactivity of internally 
unsaturated polymers when compared with terminally unsaturated 

5 polymers* This is especially true of the reactivity towards 
compounds such as maleic anhydride which forms an adduct with 
polyisobutene called polyisobutenyl succinic anhydride (PIBSA), 
These adducts are most valuable products and form the basis of the 
lubricating oil additives industry. 

10 Of the cationic polymerisation catalysts used hitherto those 

containing boron trif luorlde are known for their tendency to 
isomerise the unsaturatlon in the polymer product to an unreactlve 
internal position. For instance, Fuskas, I. et al in Journal of 
Pol3rmer Science, Symposium No. 56, pp 191-202 (1976) have reviewed 

15 the relative effects of catalysts such as boron trifluoride and 
complexes thereof with cocatalysts such as acetic acid and water* 
In this article, the authors indicate that up to 40% vlnylldene 
(i.e. terminal) unsaturatlon can be obtained with a contact time of 
5-7 minutes* They conclude however that the longer the contact 

20 time the greater is the tendency for the vlnylldene unsaturatlon in 
the poljnner to be isomerised to an unreactlve internal position. 

This view also appears to be confirmed indirectly in an article 
by Mullin, M.A. et al in Khim 1 Tekhnol. Topllv 1 Masel, vol _10, 
pp 23-26 (October 1965) in which a complex of boron trifluoride with 

25 methanol or a mixture of methanol and ethanol is disclosed as a 

catalyst for polymerising isobutene. This article discloses a very 
short contact time of 30-40 seconds which is Indicative of the care 
necessary when using this catalyst* 

The criticality of a short contact time in relation to the use 

30 of boron trifluoride catalyst for polymerising Isobutene is also 
emphasised in GB 1592016 and EP-A-16312. The latter publication 
advocates vigorous control of contact time and catalyst 
concentration and stresses the need to have a contact time of below 
40 seconds to avoid isomerisation of the double bonds. 

35 It has now been found that a product predominating in terminal 
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unsatur tton can be fonned by using spaclflc reaction conditions. 

Accordingly, the present Invention Is a liquid phase process 
for the catlonlc polymerisation of a feedstock comprising l-oleflns 
In the presence of a boron trlfluorlde catalyst at a temperature 

5 between -100 and +50*C characterised In that the catalyst Is a 
preformed complex of boron trlfluorlde and an alcohol and the 
contact time of the polymerisation reaction la at least 8 minutes 
such that at least 70X of the unsaturated linkages in the polymer 
product are in the terminal position* 

10 The term •polymerisation' as used herein is Intended to cover 

ollgomerisation and the process is particularly suited to the 
production of oligomers such as dimers and trimers, and low 
molecular weight polymers of 1-oleflns wherein the number average 
molecular weight (Mn) of the polymer may be from 100 to 15,000. 

15 The hydrocarbon feedstock may be pure 1-olefln or a mixed feed 

containing the 1-olefln. 1-olefln feedstock containing 4 to 
16 carbon atoms Is preferred. If a pure olefin Is used, which is 
gaseous under ambient conditions » it is necessary either to control 
the reaction pressure or to dissolve the olefin In a solvent medium 

20 inert under the reaction conditions in order to maintain the olefin 
in the liquid phase. In the case of isobutene, which is typical of 
l-oleflns, the feedstock used in the polymerisation process may be 
pure isobutene or a mixed C4 hydrocarbon feedstock such as that 
resulting from the thermal or catalytic cracking operation 

25 conventionally known as a butadiene raffinate. This is a liquid 

when under pressure and hence no diluent is needed. The feedstock 
used may suitably contain between 10 and lOOZ by weight of 
isobutene. it is preferable to use a feedstock containing at least 
15X by weight of Isobutene and most preferably at least 40% by 

30 weight of Isobutene. The hydrocarbon feedstock used may contain in 
addition to Isobutene between 10 and 20% by weight of butanes and/or 
between 20 and 40% by weight of normal butenes without adverse 
effect on the polylsobutene product. 

The catalyst Is a preformed complex of boron trlfluorlde and an 

35 alcohol* The alcohol suitably contains 1-8 carbon atoms preferably 
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1-4 carbons atoms. Specific examples of such alcohols Include 
methanol, ethanol, the propanols and the butanols. Of these, a 
complex between boron trifluorlde and ethanol Is most preferred. 

In the complexes the molar ratio of boron trifluorlde to the 
alcohol Is suitably from 0.5:1 to 5:1, preferably from 0.5:1 to 2:1 
and most preferably from 0.5:1 to 1:1. 

Catalyst complexes with alcohols used In the present invention 
may be preformed by conventional techniques. For instance to 
produce a complex of boron trifluorlde and ethanol, the boron 
trifluorlde is dissolved in an equimolar proportion of Industrial 
ethanol. The complex so formed is then diluted with a solvent inert 
under the reaction conditions, e.g. dichlorome thane. The solution of 
the complex so produced is used as the catalyst for the 
polymerisation reaction. 

The polymerisation reaction is carried out in the liquid 
phase. The preformed catalyst complex is suitably Introduced into 
the polymerisation reactor as a solution thereof in a solvent which 
is inert under the reaction conditions. The use of a solvent for 
the catalyst complex is only necessary to ensure a more effective 
control of the concentration of the catalyst. However, it Is 
possible to use the neat complex of boron trifluorlde as such. 
Examples of suitable solvents Include primary and secondary alkyl 
halides and aliphatic, all cyclic and cycloaliphatlc hydrocarbons. 
Dichloromethane is a typical example of the solvent. 

One of the surprising features of the present invention is that 
in spite of using boron trifluorlde as a catalyst component, contact 
times above 1 minute can be used without risk of any substantial 
isomerlsation of the double bonds in the product. By using a 
preformed complex of boron trifluorlde, contact times in the range 
8-70 minutes, preferably 12-20 minutes, can be used without 
adversely affecting the terminal unsaturation in the polymer. This 
is a significant feature because it enables more effective control 
of the reaction parameters and the concentration of the reactants 
used. 

The polymerisation reaction is suitably carried out at a 
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temperature between -50 and +45"C, preferably between -15 and 40'C. 
The reaction inay be carried out at a pressure In the range of O.A to 
4 bar absolute. The process of the present invention is 
particularly suitable for producing polyisobutenes having a 
molecular weight of between 500 and 5000, even more preferably those 
having a molecular weight of between 750 and 2500. The 
significantly high proportion of terminal unsaturation in the 
polymers so produced are particularly suited for producing adducts 
with malelc anhydride which are eventually converted to the Imldes 
by reaction with appropriate amines for use as additives to 
lubricating oils. 

The process of the present invention may be operated batchwlse 
or continuously. 

The present invention is further Illustrated with reference to 
the following Examples. 
Example 1 

Feedstock Composition 

Component % 
Iso butane 3.0 
n-Butane 11.0 
Butene-1 27.9 
Isobutene 38.0 
cls-Butene-2 11.6 
trans-Butene-2 8.5 

Initiator 

1:1 molar boron trifluorlde : ethanol complex was prepared by 
dissolution of boron trifluorlde in ethanol containing O.IZ water. 
This initiator was then used diluted in d Ichl or ome thane. 
Polymerisation Conditions 

Continuous feedstock addition rate : 1.1 Kg/hour 

Continuous initiator addition rate : 0.019g mole/Kg feedstock 

Reaction pressure : 650 mm Hg 

Reaction residence time : 16 minutes 

Reaction tenq>erature : -5**C 
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Reaction poison • Excess acetonitrile over 

stoichiometric equivalence 
of BF3 

Monomer Conversion Z Isobutene : 87 

5 In a continuous process using the feedstock raffinate shown 

above the catalyst complex solution was metered into the reactor 
under the conditions shown above* After the contact time of 
16 minutes the polymerisation reaction was terminated by using an 
excess of 1% v/v acetonitrile in heptane which was continuously 

10 added to the product collection vessels. The monomer conversion was 
determined by on-line gas chromatography. 

The catalyst complex was removed from the polymer/heptane 
solution by an initial aqueous ammonia wash followed by two water 
washes* The separated heptane solution was filtered and vacuum 

15 distilled. 

Polymer Yield 

Polymer yield corresponded to 1 tonne per 54 g mole of 
preformed boron trif luoride-ethanol complex* The total yield was 
separated into two fractions by vacuum distillation at 200"G/2mm Hg 
20 to give 95% yield of relatively high molecular weight fraction with 
the remainder comprising predominantly dimer-hexamer oligomer 
fraction* 

Polymer Properties 

The product, after removal of light polymer fraction, had a 
25 viscosity of 1041 SSU at 98.9**C (BS188:1957) and a number average 

molecular weight of 955 determined by vapour pressure osmometry. 
13cNMR analysis of the polymer enabled determination of 

vinylidene end group structure as 76% of total* This compares 

favourably with typical 1000 SSU viscosity polyisobutenes 
30 commercially available and produced using AICI3 or Al alkyl chloride 

based initiators which generally contain less than 10% vinylidene 

unsaturation. 

The process of Example 1 was repeated using different molar 
ratios of the boron trifluoride ethanol complex. The reaction 
35 conditions used and the results achieved are shown in Table 1 below. 
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The, polymerisation process of Example 1 was repeated using (a) 
different molar rati s f the boron trifluoride ethanol complex but 
having a constant boron trifluoride concentration and (b) keeping 
the grade of the product polymer substantially constant. The 
reaction conditions used and the results achieved are shown in 
Table 1. 

TABLE 1 
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Contact time : 15-20 minutes 

Reaction temperature : — 5**C 
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Example 3 

A b'atch polymerlfiation was carried out as in Example 1 using 
the conditions shown in Table 2 below. The results are also shown 
in the Table. 

TABLE 2 

Batch Polymerisation using BDR Feedstock and BF^,EtOH Initiator 
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Weight 
BDR 

g 


Total BF3,EtOH 

ml g mole/tonne 
feedstock 


Total 
Polymer 
Yield 
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% Light 
Polymer 


Polymer 
Grade 
ssu X 10"2 
at 98.89*^0 


Z Clef Inlc 
Endgroup 
CH2»CRR 
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Conditions: 



Temperature ca — 4^*0 
Reaction Time : 60 minutes 
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Example 4 

Using the process of Example 1 the reproducibility of the 
method was tested and compared with a commercial aluminitim chloride 
catalyst. The conditions used and the results achieved are shown in 
Table 3 below. 

TABLE 3 



Reproducibility of Polymer Olefinic Endgroup Structure in ca 1000 ssu 
10 Viscosity Grades Prepared by use of BF-it ^EtOH 
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Commercial 1000 SSUxlO"^ 



Conditions BF3.Et0H 



Polymerisation Temp : ca + 25*0 

Initiator : AICI3 - HCl 

Residence Time : ca 30 mins 

Polymerisation Temp : -5*C 

Residence Time : 15-20 mins 

Pressure : 635 mmHg 
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Example S 

The process of Example 1 was repeated using a nixed 
Isobutane/lsobutene feedstock* The conditions used and the results 
achieved are shown In Table A below. 

TABLE A 
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Polymer Endgroup Structure using Isobutene/Isobutane Feedstock and 

BF '^^EtOH Initiator 
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Feedstock : 37Z Isobutene in Isobutane 
Reactor Residence Time : 16 mins 
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Example 6 

The process of Example 1 was repeated over varying contact 
times* The conditions used and results achieved are shown In Table 
5 below* 

5 

TABLE 5 

Effect of Reactor Residence Time upon Polymer Endgroup Structure - 

Pilot Scale Polymerisation 

10 
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30 The above results show that the process is capable of producing 

polymers with a terminal unsaturatlon of up to 902, produces less 
light polymer, has a tighter molecular weight distribution and uses 
a more stable catalyst and can operate under milder conditions than 
used hitherto, 
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Claims : 

!• A liquid phase process for the catlonic polymerisation of a 
feedstock comprising 1-olefins in the presence of boron trifluoride 
as catalyst at a temperature between -100 and +50**C characterised in 
that the catalyst is a preformed complex of boron trifluoride and an 
5 alcohol and the contact time of the polymerisation reaction is at 
least 8 minutes such that at least 70% of the unsaturated linkages 
in the polymer product are In the terminal position, 

2. A process according to claim 1 wherein the hydrocarbon 
feedstock comprising 1-olefins contains 4 to 16 carbon atoms in the 

10 1-olefln. 

3. A process according to claim 1 or 2 wherein the hydrocarbon 
feedstock is a butadiene rafflnate. 

Am A process according to any one of the preceding claims wherein 
the hydrocarbon feedstock contains at least I5Z by weight of 
15 isobutene. 

5. A process according to any one of the preceding claims wherein 
the process is carried out under pressure when the hydrocarbon feed 
is gaseous. 

6m A process according to any one of the preceding claims 1 to 4 
20 wherein the alcohol in the preformed complex catalyst contains from 
1 to 8 carbon atoms. 

7 m A process according to claim 6 wherein the alcohol In the 
preformed complex catalyst contains 1 to 4 carbon atoms. 
8. A process according to claim 7 wherein the alcohol in the 
25 preformed complex catalyst is ethanol. 
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9* A process acc rding to any ne f the preceding claims wherein 
the molar ratio of boron trifluoride to the alcohol is from 0.5:1 to 
5:1, 

10. A process according to any one of the preceding claims wherein 
5 the contact time is between 8 and 70 minutes. 
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